The spin polarization functions (∆u, ∆d, ∆s) for proton are calculated in the chiral quark model (χQM) with configuration mixing and SU(3) symmetry breaking. Besides reproducing G A /G V , we are also able to reproduce neutron charge radius and nucleon magnetic moments, thus resolving the compatibility problem of these parameters which could not be achieved in non-relativistic quark models.
The Non-Relativistic Quark Model (NRQM), despite its impressive performance in explaining low energy hadronic matrix elements, is unable to account for the EMC effect or the "proton spin crisis" [1] which indicated that only a small portion of the proton spin is carried by the quarks and antiquarks, as well as the presence of significant negative strange quark polarization in the proton sea [2] . NRQM is also unable to explain the results of the NMC experiments [3] which have shown that the Gottfried sum rule [4] is violated, indicating that thed density is larger thanū density in the nucleon sea. Apart from the problems faced by NRQM in explaining the spin content of nucleons, it is also saddled with another problem, viz., it has been shown [5] that it is not possible to have a simultaneous reconciliation of G A /G V , charge form factors of nucleon and magnetic moments of nucleons (µ p,n ) in the NRQM, even in the bag model this problem cannot be resolved. This problem becomes more acute if one considers neutron charge radius (< r 2 n >). The EMC effect and related issues have been successfully addressed in the chiral quark model (χQM) [6, 7, 8] , originally conceived by Weinberg [9] and then developed by Manohar and Georgi [10] to provide the rationale to the successes of NRQM. In particular, the χQM which is able to explain not only the spin content of the nucleon but is also able to give a fair description of flavour content of the nucleons, violation of Gottfried sum rule, strange quark content in the nucleon, G A /G V as well as the magnetic moments of the baryons etc. [6, 7, 8, 11] .
Recently it has been claimed that, within the χQM, neutron charge radius can also be reproduced through the Foldy term [12] , however very recently it has been shown by Isgur [13] that the Foldy term gets cancelled against a contribution to the Dirac form factor F 1 to leave intact the interpretation of neutron electric charge form factor G n E as arising from the neutron's rest frame charge distribution. Therefore, in the light of the work of Isgur, it becomes essential that < r 2 n > should be reproduced by the form factor F 1 . Thus, even in the χQM, the question of compatibility of G A /G V , < r 2 n > and µ p,n remains.
In the context of NRQM it is well known that there are several low energy parameters which can be explained by including configuration mixing [14, 15, 16, 17] . It has also been shown that configuration mixing is able to generate < r 2 n > as well as it improves the fit of magnetic moment of baryons [16, 17, 18] . In view of the fact that the χQM incorporates the basic features of constituent quark model, therefore it becomes interesting to examine the implications of configuration mixing in χQM.
The purpose of the present communication on the one hand is to examine, within the χQM, the implications of configuration mixing for spin polarizations and related issues while on the other hand it is to investigate the issue of compatibility of G A /G V , neutron charge radius and µ p,n .
To begin with, we first formulate χQM [6, 7, 8] with configuration mixing (χQM cm ). In the present context we use configuration mixing generated by one gluon exchange forces [14, 15] , in particular, such forces generate the mixing of the octet in (56, 0 + ) N =0 with the corresponding octets in (56, 0 + ) N =2 , (70, 0 + ) N =2 and (70, 2 + ) N =2 harmonic oscillator bands. The corresponding wave function of the nucleon is given by
To understand the implications of nucleon for G A /G V , we first calculate the quark spin polarizations in the χQM. The basic process, in the χQM, is the emission of a Goldstone Boson which further splits intopair, for example
The above process can be expressed through the Lagrangian
where g 8 is the coupling constant,
and
The parameter ζ is the ratio of octet and singlet couplings (g 0 /g 8 ), whereas a (∝ |g 8 | 2 ) is the probability of emitting a Goldstone Boson (GB). The SU(3) symmetry breaking parameter α is the suppression factor for Kaon GB emission whereas β represents the suppression factor for η GB emission.
Before discussing the spin structure of the nucleon wave function generated by the configuration mixing, it should be noted that admixture of (70, 2 + ) N =2 and (20, 1 + ) N =2 is negligible, whereas (56, 0 + ) N =2 does not effect the spinisospin structure of (56, 0 + ) N =0 , therefore the mixed nucleon wave function is expressed in terms of (56, 0 + ) N =0 and (70, 0 + ) N =2 which we term as non trivial mixing [18] and is given as
where
The above wave function of the nucleon would henceforth be called a 'mixed' nucleon. The spin and isospin wave functions, χ and φ, are given below
For the definition of the spatial part of the wave function, (ψ s , ψ ′ , ψ ′′ ) as well as the definitions of the spatial overlap integrals we refer the reader to reference [16] .
Following Linde et.al. [8] , using equation (6) and after one iteration in χQM, the contribution to the proton spin by the quarks of a particular flavour defined through
are given as
For a better appretiation of the implications of configuration mixing in the χQM, we first study the role of mixed nucleon in understanding the G A /G V ratio. To that end, we first consider the spin polarization functions in NRQM with configuration mixing only. These functions can be easily found from equations (10), (11) and (12), for example
and ∆s = 0.
From the above equations, one can immediately get the expression for G A /G V (= ∆u − ∆d) which comes out to be
From the above expression one finds that it is not possible to fit G A /G V by configuration mixing alone in the NRQM. For example G A /G V comes out to [19] . However it should be noted that configuration mixing does bring down the value of G A /G V as predicted by NRQM, however not to the desirable level. Before studying the detailed implications of configuration mixing in χQM with SU(3) symmetry breaking, we first study the SU(3) symmetric case in the hope of understanding in a better way the role of SU(3) symmetry breaking. The SU(3) symmetric calculations can easily be obtained from the equations (10), (11) and (12) 
and ∆s = −a.
In Table 1 , we have presented the calculations for G A /G V , corresponding to the above equations. From the table one finds that there is an overcorrection due to chiral symmetry and configuration mixing phenomena. This situation does not improve even after the inclusion of anomaly [20] . Therefore, in order to achieve the fit one has to consider symmetry breaking effects even after the inclusion of configuration mixing.
In Table 2 , we have presented the calculated values of the spin polarizations ∆u, ∆d, ∆s and G A /G V for different values of the parameters ζ, α, β and φ. The purpose here is not to go into extensive data analysis rather to examine the broad features with a view to examining the possibility whether χQM cm and SU(3) symmetry breaking can fit G A /G V . In the literature [8] β and ζ are related by the expression ζ = −0.7 − β 2 which essentially represents the fitting of deviation from Gottfried sum rule [4] . We have taken this as a possible clue for the values of β, and have not restricted too rigidly to the values given by above expression, however we have taken a= 0.1 as has been used for similar calculations in χQM [6, 7, 8, 11] . In Table 2 , we have not presented an extensive variation of ∆u, ∆d, ∆s and G A /G V on symmetry breaking parameters and mixing parameters rather have considered those values which are fairly reasonable and reproduce G A /G V . It should be borne in mind that the value of φ cannot be deviated much if one has to keep intact the successes of configuration mixing [15, 18] . Therefore after having considered only minor changes in φ, we have tried to reproduce G A /G V by effecting changes in the supression parameters α and β. An inspection of the table immediately reveals that we are able to fit G A /G V for a few particular values of SU(3) symmetry breaking parameters. It is interesting to note that the value of α and β is in agreement with other recent calculations [11] . The detailed implications of variations in symmetry breaking parameters would be studied elsewhere. After having seen that χQM cm is able to accomodate G A /G V , one attempts to find out whether its successes with magnetic moments of the baryon octet remain intact when configuration mixing and SU(3) breaking effects are included. Before one goes into the details of magnetic moment calculations in the χQM cm it should be borne in mind that recently it has been shown that a χQM incorporating the symmetry breaking effects leads to formulae which are similar to NRQM. The Cheng and Li scale factor [21] expressed through
can be absorbed in the quark masses. In our calculations, thus the effective masses from the constituent quarks would be m u = m d = 0.313 GeV, m s = 0.513 GeV .
In Table 3 , we have presented the magnetic moments with the above quark masses and the wavefunctions expressed through the equation (6) , in terms of µ 56 and µ 70 , where M is the magnetic moment operator. It is evident from the table that for a good range of φ we can fit the magnetic moments of the nucleons. As has been shown [18] , this not only reproduces nucleon magnetic moments but is also able to give a good fit to other magnetic moments . After having realized that the χQM cm can explain G A /G V and the nuclear magnetic moments, we have tried to investigate whether it is able to reproduce the neutron charge radius < r 2 n >. As it has been emphasized earlier that the Foldy term, reproducable within χQM, gets cancelled against a contribution to the Dirac form factor [13] , therefore to calculate the neutron charge radius we have effectively replaced G n E (q 2 ) χQM ⇒ G n E (q 2 ) QM . The neutron charge radius is usually expressed in terms of the slope of the electric form factor G n E (q 2 ), the experimental value [22] of which is given as
If we assign the nucleon to a pure 56 (with the spin expressed in terms of Pauli spinors ), the neutron electric form factor vanishes for all q 2 . Considering our complete wavefunction with the 56 − 70 mixing and performing the calculation in the Breit frame to lowest order, one can write [16] 
where G n E (q 2 ) is the charge form factor of the neutron, G n M (q 2 ) represents the magnetic form factor which in the limit q 2 → 0 approaches µ n . The slope of the form factor at q 2 = 0 therefore can be expressed as b = ( dG n E (q 2 ) d|q 2 | ) q 2 =0 = (−tanφ)
In Table 4 , we have given the calculated values of neutron charge radius < r 2 n > (= 6b) as function of φ and R 2 where R 2 is the shape factor [5, 16] for the harmonic oscillator wave function.The experimental value of < r 2 n > corresponding to equation (21) is < r 2 n > expt = 2.83 GeV −2 . From the table one finds that one is able to reproduce fairly well the experimental value of < r 2 n > in the χQM cm by considering the same values of parameter φ which reproduced the values of G A /G V and nuclear magnetic moments.
In conclusion, we would like to mention that we have calculated the spin polarization functions (∆u, ∆d and ∆s) in the χQM cm with SU(3) symmetry breaking. Besides reproducing G A /G V , we are also able to reproduce the neutron charge radius and the nucleon magnetic moments, thus resolving the compatibility problem of these parameters which could neither be achieved in the NRQM with configuration mixing nor in the χQM cm with SU(3) symmetry.
